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Abstract—Effect of supporting soil on the response of structure
has been analyzed in the present study. A low rise (G+ 5 storey)
and a high rise (G+12 storey) building has been taken for the
analysis. For both type of buildings, the response of building with
and without consideration of soil structure interaction effect has
been compared. Without interaction case is the case in which ends
of the structure are assumed to be fixed while in interaction case,
structure is assumed to be resting on soil strata (ends are not fix).
Type of supporting soil has been also changed based on modulus
of elasticity of soil (soft, medium and hard soil). STAAD Pro.
2006 software has been used for analysis. It has been observed
that response of G+12 storey building is affected more by soil
structure interaction effect as compared to G+5 storey building.
In case of soft soil the response of both type of buildings are
changed very drastically compared to without interaction case.
While in case of hard soil there is not much difference in response
of buildings compared to without interaction case. Medium soil
is showing intermediate effects.
Index Terms—Elastic half space model (EHS model), modulus
of elasticity (E), Poisson’s ratio, shear modulus (G), Soil structure
interaction (SSI).
I. INTRODUCTION
IN conventional analysis and design process of structures,the effect of soil which supports the structure, is generally
neglected. The actual behavior of structure can be obtained
only after consideration of effect of soil, on which structure is
supported. Soil Structure Interaction (SSI) effect depends on
many factors like contact pressure distribution below footing,
type of soil, dynamic properties of soil, etc. Non consideration
of SSI may cause under or over estimation of forces which
are to be considered for design of structural members.
II. SOIL STRUCTURE INTERACTION
The process in which the response of the soil influences
the motion of the structure and the motion of the structure
influences the response of the soil is termed as soil-structure
interaction (SSI).
According to IS 1893-2002 The soil-structure interaction
refers to the effects of the supporting foundation medium on
the motion of structure.
Fig. 1 shows how consideration of SSI can affect the design
of structure. There is higher concentrated load over the central
support, so soil below it tends to settle more. The framing
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action induced by the beam will cause a load transfer to the
end column as soon as the central column tends to settle more.
Hence, the force quantities and the settlement at the finally
adjusted condition can only be obtained through interactive
analysis of the soil-structure-foundation system. [1]
Fig. 1. Redistribution of Loads in a Frame Due To SSI
III. EFFECT OF SOIL STRUCTURE INTERACTION
ON STRUCTURAL RESPONSE
Following are the effects of SSI [2]:
1) Change in Member Forces
2) Change in Dynamic Response of the Structure
3) Change in Time Period
4) Increase in the damping of soil structure system
IV. APPLICATIONS OF SOIL STRUCTURE
INTERACTION
Eurocode-8, part-5 states that the effect of SSI shall be
taken into account in [2]:
1) Structures where P-∆ (2nd order) effects play a signif-
icant role.
2) Structures with massive deep seated foundations-like
nuclear plant foundations
3) Slender tall structure, such as tower and chimneys.
4) Structures on very soil, with average shear wave velocity
less than 100 m/s.
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TABLE I
VALUES OF POISSON’S RATIO FOR DIFFERENT TYPE OF SOIL
Sr. No. Type of Soil Poisson’s Ratio
1 Clay, Saturated 0.4-0.5
2 Clay, Unaturated 0.1-0.3
3 Sandy Clay 0.2-0.3
4 Silt 0.3-0.35
5 Rock 0.1-0.4
V. PROPERTIES OF SOIL USED IN PRESENT STUDY
Modulus of Elasticity of Soil
Range of modulus of elasticity of soil for soft and hard soil
has been assumed as per table given in Ref. [3]. In case of
medium soil, two categories of soil have been assumed while
third soil is the actual soil of Nirma University. Modulus
of elasticity of Nirma Uni. soil has been calculated from
equation 1 and 2 based on standard penetration resistance test
value N and shear modulus of soil [4] and [5]
G = 15.56(N)0.68kN/m2
G = E2(1+µ)
Where
G=Shear Modulus of Soil
E= Modulus of Elasticity of Soil
µ =Poisson’s Ratio of Soil
N= SPT Value of Soil
Poisson’s Ratio of Soil
Poisson’s ratio for different type of soil has been taken
from the table given in Ref. [3]. Table I is showing the range
of Poisson’s ratio for different type of soil.
Based on Table I Poisson’s ratio for soft, medium and hard
soil has been decided and given in Table (II).
VI. DATA FOR STUDY
Data for Buildings
Plan and Footing Layout: Plan is same for G+5 and G+12
storey buildings and given in Fig 2. Typical storey height is
taken as 3 m. Layout of footings for G+5 storey building
is given in Fig. 3. For G+12 storey building, raft of size
20.2mx24m and 800 mm thickness has been used. Building
with this same plan and footing layout has been already
constructed in Ahmedabad.
Loadings: Seismic zone III has been taken for dynamic
analysis. Dead weight of slab is taken as (3.25+1) kN/m2.Wall
load 11.5 kN/m for outer wall and 5.5 kN/m for inner wall
has taken. Live load 2 kN/m2 for floors and 1 kN/m2 for
roof has been taken. All 13 load cases given in IS 1893 (I)
has been taken and dynamic analysis has been performed.
Fig. 2. Plan of Building
Fig. 3. Layout of Footing for G+5 Storey Building
Member Dimension: For G+ 5 storey building beam
dimension is 300x400 mm. Column dimension for soft soil is
300x 500 mm for ground floor and 300x450 mm for 1 to 6
storey. For medium and hard soil is 300x600 mm for ground
storey and 300x500 mm for 1 to 6 storey.
For G+12 storey building beam dimension is 300x500 mm.
Columns with different dimensions have been used according
to loading and type of supporting soil. Maximum column
dimension is 600x1000mm and minimum is 300x800mm.
Soil Data
For analyze the effect of soil-structure interaction 3 types
of soil strata has been considered. Strata have been classified
as soft, medium and hard depending on their modulus of
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TABLE II
SOIL DATA
Soil Modulus of Elasticity Poisson’s Ratio
Soft 5 0.4
Medium 50 0.3
Medium 100 0.28
Medium(Nirma Uni.) 275.5 (upto 5.9 M) 0.25
Hard 1000 0.2
elasticity. Under soft and hard strata one category of soil for
each has been taken, while for medium strata three category
of soil has been taken (depending on modulus of elasticity).
Details are given in Table II.
Modeling
Soil is modeled as Elastic Half Space model. 8 nodded
solid element has been used to model soil and 4 nodded plate
element has been used for modeling of footing. Modulus of
elasticity and Poisson’s ratio are the property of soil which
is required to be provided to solid element. Depth of soil
is taken 10 m for G+5 storey building and 40 m for G+12
storey building and the extent of soil is taken 3 times the
dimension of building in corresponding direction. Vertical
roller supports are provided at all 4 faces and hinge support
are provided at the base of soil mass.
Fig. 4. G+5 Storey Building [A] Fix Base Model [B] EHS Model [C] 3-D
view of EHS Model
Fig. 5. G+5 Storey Building [A] Fix Base Model [B] EHS Model [C] 3-D
view of EHS Model
VII. RESULTS AND DISCUSSION
Change in Column Axial Force
There are 25 columns in each storey. Percentage change
in column axial force after consideration of SSI effect is
given in Fig. 6 and(7 for G+5 and G+12 storey building
respectively. It can be observed that for G+5 storey building
there is maximum Percentage change of about 62 for soft
soil. In case of G+12 storey building the maximum change
is about 152 for soft soil. For both high rise and low rise
building the Percentage change is minimum or nil in case
of hard soil having E=1000 MPa. Medium soil is showing
intermediate changes.
Change in Time Period
Overall flexibility of structure is increased after
consideration of SSI effect, so time period is also increased
after consideration of SSI effect. It can be observed from
Table (III) that for all type of soil time period has been
increased compared to fix base condition (with out SSI) for
G+5 storey building. In case of G+12 storey building (Table
IV) for medium soil having E=50 MPa and E=100 MPa,
time period has been decreased after SSI effect. It is because
to make safe design, column dimensions of model with
SSI effect has been increased compared to fix base model.
So, overall stiffness of structure with SSI effect has been
increased and thus time period has been decreased.
Change in Storey Shear
It can be observed from Fig. 8 to 13 that storey shear is
reduced after consideration of SSI. This reduction in storey
shear is maximum for soft soil and it is about 32 for G+5
storey building and 45 for G+12 storey building. Storey shear
is almost similar in case of hard soil for with and without
interaction case. Medium soil is showing intermediate results.
Pressure and Moment Variation in Raft
For G+ 12 storey building raft foundation has been
provided. In Fig 15 pressure distribution below raft for each
type of soil has been compared for strip-4 Fig.14. Dotted
lines in Fig. 15 are showing location of columns. It can be
observed that in case of hard soil pressure is distributed near
the column only while in case of soft soil it is distributing
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Fig. 6. Percentage Change in Column Axial Force for G+5 Storey Building
Fig. 7. Percentage Change in Column Axial Force for G+5 Storey Building
Fig. 8. Storey Shear of G+5 Storey Building for soft soil
over a large area.
In Fig.16 moment variation in strip-1 has been compared
using rigid and flexible method of analysis of raft. In rigid
method of analysis effect of supporting soil on the behavior
of raft is not considered. In flexible method of analysis of
raft, effect of supporting soil is also considered. In flexible
Fig. 9. Storey Shear of G+5 Storey Building for Medium soil
method of analysis plate moments for each type of soil has
been taken. It can be observed that rigid method is showing
higher moments compared to 3 cases of flexible method (for
soil having E=1000 MPa, 275.5 MPa and 100 MPa.) while
for remaining 2 cases flexible method is showing higher
moments. So it can be concluded that actual behavior of raft
can be obtained by using flexible method of analysis and due
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Fig. 10. Storey Shear of G+5 Storey Building for Hard soil
Fig. 11. Storey Shear of G+12 Storey Building for Soft soil
to SSI effect behavior of raft is changed.
Change in Design
Because the forces in members are changed after
consideration of SSI effect, so design will also change. In
Fig. 17 and 18 reinforcement requirement in column C-3
of ground floor has been compared for without and with
interaction case. For interaction case reinforcement detail is
given for soil having E=275.5 MPa (Nirma Uni. soil).
Similarly in raft of G+ 12 storey building, moments are
different for rigid method (conventional method of analysis)
and flexible method of analysis. Design using both methods
has been compared in Fig.19.
VIII. SUMMARY AND CONCLUSIONS
Effect of SSI with Change in Height of Building
As the height of building is increased the weight of
structure is also increased. Due to this increase in weight
requirement of foundation is also changed. In present study
for low rise building (G+ 5 storey) isolated footing is
sufficient, while for G+12 storey building raft foundation
is required. In case of raft foundation as the contact area
between soil and foundation is increased, so interaction effect
is also more for G+12 storey building.
Fig. 12. Storey Shear of G+12 Storey Building for Medium soil
Fig. 13. Storey Shear of G+12 Storey Building for Hard soil
From Changing the Type of Supporting Soil
• Soil structure interaction effect is severe in case of
soft soil for both G+5 and G+12 storey building. It is
important to do analysis by considering soil structure
interaction. In case of very soft soil (like soil having
E=5MPa) some other kind of techniques will be required
(like use of pile-raft foundation or use of ground improve-
ment techniques) to make structure safe.
• In case of medium soil interaction effect gives most
beneficial results. In the case of G+5 storey building all
range of medium soil (E=275.5 MPa, 100 MPa, 50MPa)
are reducing the intensity maximum member force. In
case of G+12 storey building, there is also reduction in
forces but moments and forces are increased some where
by very large amount for soil having E=50MPa. Overall
medium soil is giving the most conservative results.
• In the case of hard soil it can be concluded there is no
need to do SSI analysis for hard soil.
Change in Dynamic Response of Building
It can be concluded that due to soil structure interaction
storey shear decreases for the structure and time period
increases.
Quantity of Material Required
Total quantity of material required for G+5 and G+12 storey
building for different cases. Figs 20 to 23.
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Fig. 14. Raft of G+12 storey Building (Black square are showing columns)
Fig. 15. Pressure Distribution below Strip-4
Fig. 16. Bending Moment Variation in Strip-1
Fig. 17. Rein. Detail of Column C-3 (ground floor) of G+5 Storey Building
[A] Without SSI [B] With SSI
Fig. 18. Rein. Detail of Column C-3 (ground floor) of G+12 Storey Building
[A] Without SSI [B] With SSI
Fig. 19. Reinforcement Detailing in Raft below column A-1 for Rigid Method
Fig. 20. Reinforcement Detailing in Raft below column A-1 Flexible Method
Fig. 21. Concrete required in G+5 storey Building
Fig. 22. Concrete required in G+12 storey Building
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Fig. 23. Steel required in G+5 storey Building
Fig. 24. Steel required in G+12 storey Building
It can be observed that the soil having range of E=275.5
MPa (Nirma Uni.) is giving the maximum saving of material.
Above this range of E there is not that much difference
between the quantities required in fix base model and EHS
model. While below this range E=100 MPa and 50 MPa
amount of concrete has been increased and very less saving
in steel. For soil having E=5MPa quantity of both concrete
and steel has been increased.
So, it can be concluded from the above study that
consideration of soil structure interaction effect gives more
realistic results.
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